Objective: To evaluate risk disparities and risk factors for infant mortality among adolescent childbearing age groups.
INTRODUCTION

A
DOLESCENT CHILDBEARING has been associated with increased risks for poor birth outcomes, including preterm delivery, low birth weight, and infant mortality. [1] [2] [3] [4] Causes for the poorer birth outcomes in adolescents have been ascribed to lower rates of adequate prenatal care, 5 poor weight gain and nutrition, 6 higher rates of tobacco use, high-risk health behaviors, 7 and socioeconomic background characteristics. 8 For the most part, teen pregnancy and childbearing studies refer to 15-19-year-old mothers and do not often include childbearing in adolescents ,15 years old. Studies investigating specific adolescent age groups, comparing one group to another, often do not include the youngest adolescent mothers even though there is evidence suggesting that among the total population of teens, younger teens may be at higher risk for low birth weight and preterm delivery. 3, 9, 10 Infant mortality, defined as a death within the first year after a live birth, is the least frequently studied birth outcome because infant death is a relatively rare event. Most studies involving infants born to adolescent mothers have been limited in their analysis of infant mortality by sample size. Specifically, the risk for infant mortality in infants born to the youngest adolescent mothers is often obscured because of small sample size.
The marked increased risk for infant mortality in black populations compared with white populations across the childbearing age span is well documented. 8 It is still unclear, however, whether risk differences exist among adolescents within specific maternal racial/ethnic groups. We do not know if the youngest mothers in different racial groups have the same risk for poor birth outcomes.
Investigations have also shown a difference between birth outcomes in Mexican American populations and non-Hispanic white populations. The risk for poor birth outcomes is lower among Mexican Americans when compared with whites. 11, 12 Still, we know little about the risk differences among adolescent age groups within the Mexican American population.
The role of men in adolescent childbearing and birth outcomes has received national attention. 13, 14 One study examining the impact of paternal involvement, defined as the father's identification on the birth certificate, found that the absence of the father's name was a potential risk factor for low birth weight and infant mortality in unmarried women of all ages. 15 One potential theory to support using the father's name on the birth certificate as a marker for paternal involvement is that if a father is not willing to have his name put on the child's birth certificate, he may not be involved in the child's care. As teens were grouped as ,20 years old in the studies involving paternity, we do not know if risk differences existed within the teen population.
Given that the rates of poor birth outcomes (low birth weight and preterm delivery) are higher in the youngest adolescent mothers, we hypothesize that children born to mothers #15 years old are at greater risk for infant mortality compared with children born to older adolescent mothers. For our study, we evaluated the differences in the risks for infant mortality among adolescent age groups in the United States, specifically among #15-year-olds, 16 16-17-year-olds, and 18-19-year-olds. We investigated the differences among these age groups within the three major U.S. racial/ethnic groups: non-Hispanic white, non-Hispanic black, and Mexican Americans. Because paternal involvement in childrearing may be a protective factor, we investigated the impact of missing information about the father of the infant as a possible risk marker for infant mortality.
MATERIALS AND METHODS
We combined the 1995 and 1996 comprehensive U.S. birth cohorts from the U.S. Department of Health and Human Services, Centers for Disease Control and Prevention and National Center for Health Statistics. These datasets include all births in the United States in 1995 and 1996 (approximately 4 million births per year). These datasets link infant death certificate information to respective birth certificates.
We limited our analysis to liveborn singleton, first births to mothers aged 12-19 years (n 5 777,762). Maternal age is a computed variable in this file. We excluded births to girls #11 years old because they accounted for only 32 births in 1995 and 16 births in 1996. We excluded births at ,24 weeks gestation and ,500 g because these fetuses have uncertain viability. We limited the dataset to singleton first births to avoid the potential confounding present with the known increased risk for poor birth outcomes associated with multiple births and second births to adolescents. 17, 18 In the data file, infant deaths are defined as deaths occurring any time within the first year after birth (n 5 4631).
We assessed adequacy of prenatal care utilization using the R-GINDEX measure for prenatal care use, which takes into account the onset of prenatal care, number of prenatal visits, and gestational age at birth. 19 In our analysis, we created an indicator variable that included inadequate prenatal care and no prenatal care together with a comparison made to adequate and intermediate prenatal care. Missing information regarding prenatal care was not included in the regression analysis (3% of records). Self-reported tobacco use and alcohol use during pregnancy were analyzed as dichotomous variables (present compared to absent during pregnancy), with missing information excluded from the regression analysis (18% of records with missing information on tobacco use and 14% with missing information on alcohol). The majority of missing information was from California (13.1% of births in this dataset), which does not include information about tobacco and alcohol use on birth certificates. A smaller number of uniformly missing information was from South Dakota (0.2% of births), which does not include information on tobacco and alcohol use, and from Indiana (2.4% of births), which does not include information about tobacco use. This needs to be considered when interpreting the adjusted analysis. Birth weight was analyzed as a continuous variable.
Father's age is an item on every birth certificate in the United States with variability in reporting rates. When the mother is married, the father is routinely reported on the birth certificate. In the majority of states (although the specific requirements vary), however, when the mother is single, the father must present himself and some form of identification in order to be reported on the birth certificate. Because the data base does not include information about the father's name for confidentiality, we used the reported father's age as a proxy for whether or not the father was acknowledged on the birth certificate. Information about the father's age correlated with other information about the father on the birth certificate, for example, race/ethnicity (Pearson correlation coefficient 0.9). Missing data for paternity was analyzed only for single mothers (77% of the entire sample).
We used SAS version 6.12 for all analyses. We calculated infant mortality rates (IMR) along with their standard errors by maternal age and then performed an analysis of variance (ANOVA) general linear model procedure with the TukeyKramer adjustment for multiple comparisons to confirm previously established age group classifications. 16 The following age group classification appears in the analysis: #15 years old (n 5 76,262), 16-17 years old (n 5 268,817), and 18-19 years old (n 5 432,683). The 18-19-year-old group was the reference age group for this analysis. After determining crude odds ratios (OR) for the entire cohort, we limited the dataset to the three largest U.S. racial/ethnic groups: non-Hispanic white (n 5 375,290), non-Hispanic black (n 5 191,488), and Mexican American (n 5 129,736). We performed separate analyses for each of these three subgroups.
For the multivariable analysis, the primary outcome variable was infant mortality. We used logistic regression techniques to calculate adjusted ORs for maternal age categories. Our models included the following selected risk factors as well as interaction terms: race/ethnicity, inadequate prenatal care utilization, self-reported tobacco use, and self-reported alcohol use. Because the outcome of infant mortality is a relatively rare event, the adjusted ORs obtained from these models approximate adjusted relative risks (RR).
To determine the significance of acknowledged paternity, logistic regression analysis to evaluate the association of paternity acknowledgment with infant mortality was performed for single mothers by age group. The analysis was adjusted for maternal race/ethnicity, inadequate prenatal care utilization, and birth weight. We chose to control for birth weight in this analysis even though it is part of the causal pathway in an effort to determine if low birth weight would account for the excess risk for infant mortality associated with paternity acknowledgment in the youngest age group.
To determine risk factors within the #15-yearold age group, we performed separate logistic regression analysis for possible risk factors associated with infant mortality. Inadequate prenatal care utilization using the GINDEX measure and no prenatal care were compared to the reference group of women with adequate or intermediate prenatal care utilization. Non-Hispanic black groups were compared with the non-Hispanic white reference group. Alcohol use and tobacco use during pregnancy were each compared with nonuse. For women who delivered at more than 36 gestational weeks, poor weight gain (,20 pounds) during pregnancy was compared with a reference group of weight gain of $20 pounds during the pregnancy. The multivariable logistic regression for the #15-year-old group alone included all these variables in addition to the paternity acknowledgment variable.
One statistical caveat: This dataset represents the entire, finite population of births in the United States for the years 1995 and 1996. Therefore, we can precisely determine the proportion of infants who did not survive the first year. However, in a finite population, this proportion is not necessarily the probability that an infant will not survive the first year in another time period. The proportion from the whole population in 1995 and 1996 serves as an estimate of the probability for other infants. As a result, confidence intervals (CIs) are necessary when we estimate an infant's risk of dying during the first year, but such (CIs) are not used when we describe the patterns of infant deaths for the specific population in our dataset.
RESULTS
For the years 1995 and 1996, early adolescent mothers have significantly higher rates of infant mortality compared with both older adolescent age groups for each of the three racial/ethnic groups (Table 1) . Among the #15-year-old group, there is a statistically significant difference (p , 0.05 using ANOVA analysis) in IMR among all three racial/ethnic groups, with Mexican American infants having the lowest IMR and non-Hispanic whites having the highest rate. Among the 16-17-year-old age group, Mexican Americans have lower IMR compared with both non-Hispanic blacks and non-Hispanic whites. However, the rate for non-Hispanic blacks does not differ substantially from the rate for non-Hispanic whites in this age group. In the 18-19-year-old group, there are differences in IMR among the three groups, with Mexican Americans having the lowest rates and non-Hispanic blacks the highest. Table 2 shows the crude and adjusted RRs associated with early adolescent childbearing. The crude RR for infant mortality associated with mothers #15 years old is 1.56 (95% CI
When the three largest racial/ethnic groups were considered separately, the trends in risk for infant mortality among adolescent childbearing age groups resembled the trends noted in the entire birth cohort, although the magnitude of the risks differed between ethnic groups. Within the non-Hispanic white population, the risk for infant mortality among the #15-year-old age group was 70% greater than the risk for the 18-19-yearold reference group. In the Mexican American population, the risk for the #15-year-old group was almost 80% greater than the risk for the 18-19-year-old group. In the non-Hispanic black population, the risk for infant mortality associated with mothers #15 years old was 35% as compared with mothers 18-19 years old in the reference group.
For those infants born to mothers #15 years old, 62% of birth certificates did not contain information about the father. When the father's age PHIPPS ET AL. 892 was reported, 63% were at least 3 years older and 29% were at least 5 years older than the young mother.
We investigated the possibility that there may be a systematic reporting bias on the birth certificates of infants born to the youngest mothers. Figure 1 shows rates of missing data for selected variables in our dataset. The percent of fathers not reported for single mothers is much higher for the younger mothers. Nonreporting for other variables-tobacco use, alcohol use, prenatal care, and maternal education-have fairly stable rates of missing data across the age span, suggesting that the reporting bias is specific to paternity. Considering this marked difference in the frequency of missing information about fathers, not reporting the father was analyzed as a dichotomous risk factor variable in further analysis. Not reporting the father on the birth certificate was associated with higher infant mortality for most groups (Table 3) . Among all births in the #15-year-old group, the adjusted RR for infant mortality associated with not reporting the father on the birth certificate was 24% greater compared with when the father was reported. The adjustments for no prenatal care or inadequate prenatal care and birth weight imply that there are other factors accounting for this increased risk for infant mortality that may be included in the marker for paternity acknowledgment. Findings were similar for 16-19-year-old mothers (therefore, the data are presented as an aggregate), with a 20% greater risk associated with not reporting the father on the birth certificate. In the #15-yearold group, non-Hispanic white infants have the highest adjusted RR for infant mortality associated with not identifying the father on the birth certificate compared with non-Hispanic white mothers who report the father on the birth certificate. Mexican Americans in the youngest age group were found to have the lowest adjusted risk for infant mortality associated with paternity acknowledgment.
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Early adolescent childbearing has been linked with many traditional risk factors associated with infant morbidity and mortality (Table 4) . Within the #15-year-old group, many of the listed risk factors have elevated unadjusted RRs when looked at as independent variables. However, when all these potential risk factors were put into the multivariable logistic model, only failure to report the father was found to be a significant risk marker for infant mortality.
DISCUSSION
Our results suggest that teens who bear children should not be considered as a single group, as is often the case when reporting statistical data or designing prevention programs. Based on the overall risk for infant mortality in singleton first births, our analysis suggests that when adolescent childbearing is evaluated as three separate age groups, #15-year-olds, 16-17-year-olds, and 18-19-year-olds, there are marked differences among the groups. The risk for infant mortality associated with a child having a mother who is #15 years old is 56% greater than if a mother is 18-19 years old. Children born to mothers 16-17 years old have intermediate outcomes. When we stratified IMRs by the three largest U.S. race/ethnic groups, the decreasing IMRs with increasing age were parallel to each other. The IMRs for non-Hispanic whites, non-Hispanic blacks, and Mexican Americans were similar in the younger age groups. Consistent with previously published reports, however, notable differences appeared in rates among the 18-19-year olds, 10 with non-Hispanic black infants having the highest mortality rates. Previous populationbased analyses did not routinely break down IMRs by adolescent age subgroups. Therefore, the findings for the youngest teens are not as well known.
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For Mexican Americans, the rates of infant mortality were lower in each age group compared with other U.S. populations. We could find no clear explanation for these findings. Other researchers have noted the lower rates of poor birth outcomes in Mexican Americans as compared with U.S. non-Hispanic whites and non-Hispanic blacks and have suggested several explanations: a protective social environment allowing adherence to traditional Mexican culture while in the United States, 20 the healthy migrant theory-only healthy women cross the border to deliver their infants in the United States, an underreporting of Mexican American infant deaths on return to Mexico, and misclassification of Mexican ethnicity in U.S. vital statistics. 21 The reason for the lower rates of infant mortality among the Mexican American population is a combination of many of these factors and other factors most likely to be explored.
In addition to IMRs, the RR for infant mortality associated with maternal age groups was also similar among racial/ethnic groups. Non-Hispanic white race was associated with the greatest risk for infant mortality in the #15-year-old age group compared with 18-19-year-olds. The 16-17-year-old age group was also associated with an increased risk for infant mortality compared with the 18-19-year-old group. For both non-Hispanic blacks and Mexican Americans, however, only the #15-year-old group was associated with an increased risk for infant mortality compared with the older group within that race/ethnicity. The lower RR associated with the early adolescent group in non-Hispanic blacks may be explained by the overall elevated rates of infant mortality in the non-Hispanic black population. Thus, there is not as dramatic a difference in RR when comparing two maternal age groups within the non-Hispanic black population.
Fathers not identified on a significant number of birth certificates for single early adolescent mothers (62% missing for those mothers #15 years old) suggested the possibility that lack of paternity identification could be a risk marker for the increased risk of infant mortality in the youngest adolescent group. Within the #15-yearold age group, the risk for infant mortality associated with not reporting the fathers, compared with when the father was reported, was elevated for all racial/ethnic groups. However, the risk was highest for infants born to non-Hispanic white early adolescent mothers.
Not reporting paternal age could represent an attempt to protect the fathers from social or legal consequences, although interpreting failure to identify the father on a birth certificate is difficult. This variable most likely incorporates a heterogeneous group of factors, and caution should be used when interpreting this as a marker for paternal involvement. The other factors it may represent include poor social support, statutory rape, expectation that the father will not be involved in child rearing, inability to identify the 22 Further investigation is needed to target the barriers to reporting fathers in this specific age group. It is important for healthcare providers to determine why early adolescent childbearing is a high-risk condition. Biological immaturity 3 does not tell the whole story. Some researchers have used biological immaturity to explain the higher rates of poor birth weight in younger teens. When we adjusted for birth weight in our analysis, however, the risk for infant mortality associated with failure to report the father was elevated. Part of the story may be domestic violence or physical abuse, as adolescents with poorer birth outcomes have a higher prevalence of physical abuse during pregnancy. 23 The same social situation that predisposed the early adolescent to the risk of becoming pregnant may continue after the birth of the child if no intervention is provided. 24 For example, Overpeck et al. 25 reported that the earliest teen mothers, those #14 years old, had more than a 6-fold increased risk for infant homicide compared with adults. 25 That study suggested that the negative social influences that may have predisposed a young girl to have a child as an early adolescent may continue after the birth of the child.
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The strengths of analyzing this database include the power to use infant mortality as a birth outcome rather than an intermediary determinant of poor birth outcomes, such as low birth weight or preterm delivery. A population-based cohort that includes all births in the United States for 2 years allowed us to make relevant comparisons among adolescent subgroups, including the three largest racial/ethnic groups in the United States. Because we were not using a sample, our measures of association for the dataset are absolute means for the population studied. Therefore, prediction intervals were used to determine potential variability in the point estimate for other birth cohort years.
Our study has several limitations. We were constrained by the information included in the vital statistics registry and, therefore, were not able to determine sociodemographic, financial, or personal information that may have affected birth outcomes. Although we did not measure a significant impact of prenatal care use on infant mortality, we did not have any measure of the content of prenatal care received. Consequently, it is difficult to know whether targeted interventions and support during the prenatal period would improve birth outcomes and maternal well-being. Given the substantial number of young teen mothers who receive inadequate or no prenatal care, attempts to remove barriers to prenatal care delivery may still be beneficial for this vulnerable population.
In light of our findings, it seems that the earliest teens, who have been relatively ignored in other analyses of teen childbearing, are at highest risk for poor birth outcomes. Whereas previous studies show that older teens, 18-19-years old, are at the same or lower risk for poor birth outcomes as adults, 2, 8 programs and policies have been directed at decreasing pregnancies and improving prenatal care in this older teen group. Studies should focus on the underlying causes of increased risk in the youngest mothers to more effectively direct programs and national policies that may improve conditions for both young mothers and their children.
